A combined technique of formaldehyde-induced fluorescence (FIF) and autoradiography is described for the localization of radioactively labeled substances in relation to monoamine neurons. This method permits the simultaneous visualization of 3 H-labeled steroid hormone or drug uptake sites and fluorescing monoamine neural elements (cell bodies, fiber projections, terminals) in the same tissue section. Thin frozen sections cut in a cryostat are freezedried, exposed to formaldehyde vapor at 80°C, and carried through dry-mount autoradiography processing steps before fluorescence microscopy screening. Subsequent his-tological staining of sections and light microscopy are employed for conventional autoradiogram screening. With this procedure, 3 H-estradiol and 3 H-dihydrotestosterone are localized in various catecholamine (CA) neurons in the diencephalon and lower brain stem of the rat. Also, catecholaminergic as well as noncatecholaminergic sex steroid target neurons are seen to be innervated by CA terminals in various rat brain regions.
Introduction
Extensive evidence (1) documents the existence of monoamine neural pathways in the central nervous system (CNS) of many mammalian species and implicates such neural pathways as being important in the mediation of various neuropharmacological and neuroendocrine processes. These processes include the involvement of CNS catecholamine (CA) and serotonin (5-hydroxytryptamine; 5-HT) pathways in estrogen, androgen, and corticosteroid modulated neuroendocrine functions, e.g., the neural and hormonal control of pituitary secretion of releasing hormones and associated physiological processes (1, 3, 6, 7, 14-17, 27-29, 31, 38) .
Advances in our understanding of the physiological bases underlying the functional roles of monoamine neurons in such processes have been closely linked to the development and use of histochemical methods for the neuroanatomical mapping of neural pathways containing the catecholamine substances, dopamine (DA), noradrenaline (NA) and adrenaline (A), or the indoleamine 5-HT. The distributions of CA and 5-HT systems have been delineated by formaldehyde-induced fluorescence (FIF) (2, 4, 5, 8, 9, 11, 33, 34) and immunohistochemistry methods (12, 13, 21, 25, 26, 35, 44) . Numerous 'Supported by U.S. Public Health Service Grant NS09914 groups of DA, NA, A, and 5-HT neurons giving rise to various monoaminergic pathways, their constituent fibers and terminal distribution areas, as reviewed elsewhere (33, 34) , are localized in CNS areas independently shown by autoradiography techniques (36, 37, 39, (40) (41) (42) (43) to contain steroid hormone (estrogen, androgen, corticosteroid) concentrating neurons. Based on such observations, we earlier hypothesized (20) that important morphological interrelationships between CNS steroid hormone uptake sites and monoamine neural elements likely exist, including the nuclear concentration of steroid hormones in monoamine neurons and possible innervation of non-monoamine steroid target neurons by DA, NA, A, and 5-HT cells. The direct histochemical demonstration of such morphological interrelationships was made possible by our development (18) (19) (20) of a combined FIF and dry-mount autoradiography method allowing for the simultaneous visualization of hormone uptake sites in relation to CNS monoamine neuron cell bodies, fiber projections, and terminals.
Materials and Methods
The combined FIF-autoradiography technique involves: 1) in vivo administration of a radioactively labeled compound, followed by sacrifice of test subjects and rapid removal, dissection, and freezing of tissues to be studied; 2) postfreezing tissue processing, consisting of
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cryostat cutting of frozen sections, freeze drying of the sections, and initial histochemical processing of the sections; 3) fluorescence microscopy screening of sections and photomicrography of combined fluorescence-autoradiography images; and 4) follow-up processing of tissue sections for light microscopy screening of conventional autoradiograms. Key steps in these procedures are illustrated in Figure 1 and described below.
In applications of the FIF-autoradiography method employed by us to date, physiological doses of 2,4,6,7-3H estradioi-17f3 or 3Hdihydrotestosterone were injected into ovariectomized 60-day-old female rats and gonadectomized/adrenalectomized 60-day-old male rats, approximately 48 hr after surgery and 3 hr after injection of pargyline (a monoamine oxidase inhibitor that enhances fluorescence of monoamine neurons). The animals were decapitated 1 hr after the injection of the 3 H-labeled steroid, their brains removed, and immediately dissected into 3-5 mm2 tissue blocks. The tissue specimens (Figure 1 , Part I) are then adhered to brass holders by means of minced liver, frozen in liquified propane ( -180°C), and subsequently stored in liquid nitrogen until sectioned.
Serial frozen sections (4-6 p.m thick) are cut in a Wide-Range Cryostat (Harris Mfg. Co., N. Billerica, MA) at -35 to -40°C ( Figure 1 , Part IIa). The sections are freeze-dried with a cryosorption pump, stored in a desiccator and then exposed for 1 hr to formaldehyde vapor generated by heating (at 80°C) paraformaldehyde powder previously stored for 7-10 days under 40-50% relative humidity (RH). Following formaldehyde exposure (Figure 1 After fluorescence microscopy screening and microphotography, the cover slips are removed from the slides by immersion in xylene and the sections then stained with methyl green-pyronine and studied as conventional autoradiograms (Figure 1 , Part VI). Cells have been considered to be labeled with tritiated steroids if nuclear concentrations of silver grains exceed extranuclear levels.
Using FIF-autoradiography, several technical aspects should be considered and controlled for; these include 1) determination of the chemical specificity of the radioactivity concentrated in nuclei of neurons, 2) effects of the photographic processing step of autoradiography on the monoamine fluorescence, and 3) possible induction of positive chemographic artifacts by the histochemical fluorescence procedure. In order to help establish the chemical specificity of the radioactivity localized in nuclei of neurons, competition studies are employed in which there is administered (10 min prior to injection of the tritiated steroid hormone to be localized) a dose of the same compound, or congeners of it, in unlabeled form so as to block receptor site uptake of the labeled compound. Results of the competi-tion studies are compared with results obtained where the labeled compound alone was administered. For the assessment of possible artifactual induction of monoamine-like fluorescence by photographic processing steps used in the FIF-autoradiography approach, control freeze-dried sections heated at 80°C but not exposed to formaldehyde gas are dry-mounted on emulsion coated slides and carried through subsequent autoradiographic processing procedures. In order to assess induction of positive chemographic artifacts by the present histochemical procedures, control sections from animals not injected with a radioactively labeled compound are exposed to formaldehyde vapor and then processed for autoradiography. Utilization of the above control procedures have thus far consistently confirmed the chemical specificity of labeled steroid substances localized and the lack of any artifactual induction of fluorescence or positive chemography effects with the present method.
Applications
The FIF-autoradiography technique described here has been applied for the purpose of histochemical mapping of estrogen and androgen uptake sites in relation to monoamine (principally CA) neurons in the rat brain. Typical examples of results obtained are shown in Figures 2 and 3 . Many of the observed interrelationships confirm those proposed earlier by us (20) , which were based on independent fluorescence and autoradiography studies.
Nuclear uptake of 3 H-estradiol by CA neurons as seen in Figure 2 has been found to occur among widespread CA neuron groups in the rat CNS (18-20, 22, 23) . This includes localization of: 1) estrogen-concentrating DA neurons in the periventricular-arcuate nucleus of the hypothalamus; and 2) estradiol-concentrating NA neurons in the lower brain stem in or adjacent to the n. reticularis lateralis and the n. tractus solitarii, dorsal to the n. preolivaris externus and n. olivaris superior, in and ventral to the locus ceruleus, and ventral to the pedecularis cerebellaris superior. These estrogen-concentrating DA and NA neurons give rise, respectively, to the tuberoinfundibular DA pathway innervating the median eminence region (10), and both ascending and descending NA pathways innervating widespread regions of the telencepha-Ion, diencephalon, and spinal cord (33, 34) . Evidence obtained by the FIF-autoradiography method for combined nuclear radioactivity and cytoplasmic fluorescence does not include all DA and NA neuronal groups. Whether or not this represents true negatives or relates to limitations in sensitivity of technique, or other experimental conditions, will have to be established. This can be done by comparing the results obtained by the present method with those obtained by a combined autoradiography-immunohistochemistry method with antibodies to dopamine-/3-hydroxylase (see Sar and Stumpf, this volume, p 161).
Areas in the brain have been found where non-CA estrogen target neurons or CA estrogen target neurons appear to be innervated by CA terminals, for instance, in the bed nucleus of the stria terminalis, and certain sites in the lower brain stem, for instance, in the n. tractus solitarii (22, 23) .
Nuclear concentration of 3 H-dihydrotestosterone in CA neurons, as seen in Figure 3 , has been demonstrated to occur in widespread monoamine neuron cell groups (23) . This includes essentially all of the same DA and NA cell groups listed above as containing estrogen-concentrating CA neurons, except those located in the n. reticularis lateralis and the region of the n. tractus solitarii. The uptake of both 3 H-estradiol and 3 H-testosterone into cells of the same CA cell groups in some brain areas suggests that the same CA neurons may contain both estrogen and androgen receptors.
Dissimilarities between localization of the two steroids in relation to CA neurons likely contribute to functional differentiation between the actions of the two steroids in neuroendocrine processes.
Preliminary results from ongoing studies to map 3Hlabeled corticosteroid uptake sites in relation to CNS CA neurons are available. Observations based on independent fluorescence and immunocytochemistry mappings of CNS monoamine neurons (2, 4, 9, 21, 30, 33, 34, 44) and autoradiographic mapping of corticosteroid uptake sites (42) suggest close and even more extensive interrelationships, similar to those described for the sex steroid hormones.
The present FIF-autoradiography method also appears to hold promise as a histochemical approach for localization in 
